Abstract. This article summarized the project schedule management based on the critical chain in China, summarized the research status and insufficient of current critical chain identification methods of project schedule management in China, and then put forward the future research prospects, so as to provide the references for related theoretical research and practical application of project schedule management.
Introduction
Project schedule management refers to a series of management activity processes of reasonably controlling the project activities schedule and then achieving a balanced state of resource and cost consumption to ensure that the project can achieve the project objectives within a specified time limit [1, 2] . Project schedule management is an indispensable part of project management. Efficient and successful project schedule management is the comprehensive management and optimization of project time and resources through the preparation, implementation, inspection and coordination of project schedules to improve quality and efficiency, achieve the optimal duration, obtain the largest whole economic and social benefits of the company at the lowest cost.
In the "Critical Chain" [3] , Dr. Goldratt proposed that the critical path derived from the traditional project schedule management method only considers the logical sequence of processes without considering the actual resource conflicts, and cannot truly reflect the project duration, so makes the implementation of project schedule to be infeasible. Project schedule management based on critical chain, as a new method of controlling project schedules, considers the dual constraints of time and resources, eliminates unnecessary "safety time" in each process, and ensures that the project is completed on schedule and more consistent with the reality of project management by setting and monitoring buffers.
The critical chain is the longest path that determines the total duration of the project in the context of process constraints, process duration, and resource constraints [4] . The critical chain is a key work sequence that restricts the entire project duration [5] . Therefore, the identification of critical chains is the key to project schedule management.
Research on Critical Chain Identification Methods in China
In recent years, on the basis of the advanced theories of foreign countries, Chinese scholars have perfected and expanded the critical chain identification methods of project schedule management, and produced more research results. The related research has also been verified and applied in more and more enterprises or organizations.
Research Based on Heuristic Algorithm
The heuristic algorithm searches for the best solution in the acceptable calculation cost, and can get a quick solution to the problem. It can approximate the optimal solution as much as possible and obtain a relative optimal solution, but it cannot guarantee the feasible solution and the optimal solution.
Guo-feng MA et al. [6] defined the critical task, critical task set and critical task group involved conflict resources in a project scheduling scheme, proposed a heuristic algorithm for identifying critical conflict tasks, and then established an effective critical chain scheduling plan. Qing-hua PENG et al. [7] proposed a method and a step for identifying critical chains by using the sequence heuristic algorithm based on the ACTIM criteria, and solved the problem of resource constraints and uncertainty better. The limitation of this method was only applicable to the critical chain identification of single resource and single project. Yi WANG et al. [8] established a two-phase heuristic solution method of the critical chain identification based on the priority rule based on the activity's center of gravity theory which greatly simplified the identification process of critical chains, compared with the calculation results of three heuristic algorithms based on better priority rules, and then further illustrated the advanced nature of the iterative gravity method.
Research Based on Genetic Algorithm
The genetic algorithm proposed by Professor J. Holland of the United States in 1975 is a computational model to simulate the natural selection and genetic evolution based on Darwin's biological evolution theory. It is a method for searching for the optimal solution by simulating the natural evolutionary process. It has inherent implicit parallelism and better global optimizing ability. Guo-feng MA et al. [9] analyzed the multi-task situation of a resource and multiple resources in a project group, proposed a critical chain scheduling model based on the project group and solved it by genetic algorithm. Qiong LIU [10] introduced robustness index in the multi-project scheduling model based on critical chain, proposed a multi-project scheduling and hybrid optimization algorithm, obtained the priority ranking list of each activity by genetic algorithm, and then generated a multi-project scheduling plan to avoid the two shortcomings of the subjective nature of the existing priority rules and the limitation of their selection. Jie WANG [11] expounded the basic principle and method of cloud genetic algorithm, proposed a multi-mode critical chain project scheduling problem solving model based on cloud genetic algorithm, and detailedly explained the design of coding method, decoding method, fitness function, genetic operator of cloud genetic algorithm in solving critical chain project scheduling problems. Then, performance and effectiveness of the cloud genetic algorithm were verified by MATLAB.
Research Based on Ant Colony Algorithm
The ant colony algorithm proposed by the Italy scholar M. Dorigo in the early 1990s is a new heuristic bionic parallel intelligent evolutionary algorithm [12] , which is inspired by the foraging behavior of ants in nature. It has strong robustness by using distributed parallel computer system. In recent years, it has been applied to many optimization fields.
Combined with the characteristics of ship agile manufacturing, Xing-lin YANG et al. [13] proposed a critical chain identification method based on ant colony algorithm, established the critical chain model of ship agile manufacturing, and proved that the constraint and optimization of the project duration is effective through a case study. Combined with the advantages of chaotic motion and genetic algorithm, Yue-bin LUO et al. [14] proposed a chaotic ant colony evolution algorithm to solve the optimization scheduling problem of critical chain project management. It overcame the shortcomings of ant colony algorithm because of long-term search and the ease of local optimal solution in the lack of early pheromone, expanded the search the scope of the hybrid algorithm, and maintained the robustness and convergence of ant colony algorithm. So this algorithm had high computation accuracy and fast solution speed.
Conclusion and Outlook
In summary, in recent years, the search on critical chain identification methods by scholars in China are mainly focused on the improvement and optimization of heuristic algorithm, genetic algorithm and ant colony algorithm. Currently, there are many researches on conceptual interpretation and theoretical algorithmic optimization, various algorithms identify different critical activities according to different priority adjustment principles, and various priority adjustment principles have their own advantages. However, there is no unified method of critical chain identification. Currently, the heuristic algorithm lacks a unified and complete theoretical system, and lacks effective iterative stopping conditions, so inevitably suffers from local optimal problems. There are no effective quantitative methods for the accuracy, feasibility and computational complexity of genetic algorithms. The ant colony algorithm is slow in convergence and easy to fall into local optimum. The parameter setting in ant colony algorithm is usually determined by experimental methods, which leads to the close correlation between the optimization performance of the method and human experience, so it is difficult to optimize the algorithm performance. All these three algorithms have high requirements for computer software programming capabilities, and there are many inconveniences in the actual application process, which needs further improvement. At present, most companies have many uncertain and complex factors in the process of project implementation, and time and resources of the project are often limited, so the critical chain identification and resource balancing in the multi-project parallel model will be the direction for further exploration and in-depth research in the academic community.
